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A control rod and a control rod blade for a boiling water 
reactor 

10 THE BACKGROUND OF THE INVENTION AND PRIOR ART 

The present invention relates to a control rod and a control 
rod blade for a boiling water reactor, wherein the control 
rod blade comprises a plurality of channels , which are ar- 
15 ranged to receive an absorber material, a free edge portion 
with a recess, which comprises outlets for said channels, 
and a cover element, which is arranged to be attached by 
means of at least one welding operation such that it seals 
at least a part of said recess. 

20 

Usually, control rods for boiling water reactors (BWR) com- 
prise a central part and four control rod blades protruding 
from the central part, which each is provided at a right an- 
gle in relation to the adjacent control rod blades. Usually, 

25 conventional control rod blades are manufactured of a sheet 
of a steel material. The control rod blades are at a free 
edge portion provided with a longitudinally milled recess. A 
plurality of channels is drilled in the recess in a row 
above each other. The channels have a diameter, which is 

30 less than the thickness of the metal sheet such that a . sat- 
isfactory wall thickness is obtained. The channels extend 
from the free edge portion of. the control rod blade towards 
the central part of the control rod. Thereafter, a suitable 
absorber, material is applied in the channels. The absorber 

35 material may be powdered or in the form of pins. The ab- 
sorber material is enclosed by rolling the legs of the re- 
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cess together. Thereafter, the end surfaces of the legs are 
welded together by a longitudinal weld joint such a hermetic 
and pressure resistant sealing of the recess is achieved. 

5 A relatively deep recess must here be provided at the edge 
portion of the control rod blade in order for the legs to 
obtain a sufficient length such that they can be rolled to- 
gether. In a welded state, the free edge portion of the con- 
trol rod blade here gets a rounded shape and the absorber 
10 material must therefore be arranged at a not completely neg- 
ligible distance from the end surface of the control rod 
blade. In order to increase the reactivity effect of the 
control rod blade, it would be desirable if the absorber ma- 
terial could be arranged closer to the end surface. 

15 

SE 519 331 shows a control rod blade comprising a plurality 
of channels, which are arranged to receive an absorber mate- 
rial. The control rod blade has a free edge portion with a 
recess, which comprises outlets for said channels in a bot- 

2 0 torn surface. A cover element is arranged to be attached in 
the recess in order to seal the edge portion. The cover ele- 
ment is substantially T-shaped and comprises a cover por- 
tion, which seals the opening of the recess, and a support 
portion, which is arranged to give the cover element a sup- 

2 5 port against the bottom surface of the recess. The cover 
element is attached in the recess by means of two longitudi- 
nal weld joints. The support portion has here a width, which 
is less than the width of the outlets of the channels. 
Thereby, the outlets of the channels are not sealed but they 

30 are connected to each other via the elongated passages, 
which are obtained on both sides of the support portion. 

The elongated passages have here the task of allowing a 
pressure equalisation between the channels during operation 
35 and to allow a distribution of a protective gas to the root 
side of the weld joints during the welding operation. This 
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cover element is intended to be used for control rod blades, 
which are provided with a solid absorber material- such as, 
for example, absorber pins. If a powdered absorber material 
would be used, there is a risk that the powdered absorber 
5 material whirls up during the welding operation and is mixed 
into the weld joint. 

By a profylax published in Research Disclosure 33925/92, a 
control rod blade is shown, which is. provided with a concave 

10 recess* at a free edge portion. In order to seal the recess, 
a cover element with a substantially corresponding concave 
shape is here applied in the recess. The cover element com- 
prises a cover portion, which is arranged to seal the open- 
ing of the recess, and a support portion, which comprises a 

15 convex contact surface, which is arranged to get into abut- 
ment with a corresponding concave wall surface of the re- 
cess. The cover element is attached in the recess by means 
of two longitudinal weld joints. The contact surface of the 
support- portion comprises a chamfered portion such that a 

20 longitudinal passage is formed between the support portion 
and the wall surface of the recess in a mounted state. This 
passage allows, during operation, a free flow of fission 
gases between the channels such that a pressure equalisation 
"is obtained. The cover element comprises two elongated pas- 

25 sages in connection with the weld joints. These elongated 
passages allow a distribution of a protective gas to the 
root side of the weld joints during the welding operation. 

The cover eiement has here a shape such that the channels 
30 with absorber material not are connected to the elongated 
passages, which allow a distribution of a protective gas to 
the root side of the weld joints. Thereby, this control rod 
blade is suited to be provided with a powdered absorber ma- 
terial. However, the cover element has a relatively compli- 
35 cated shape, which makes it difficult to manufacture. Fur- 
thermore, the concave-shaped recess results in that the 
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channels, at least locally, opens out at a relatively large 
distance from the end surface of the control rod blade. The 
possibility of arranging the absorber material near' the end 
surface of the control rod blade for achieving a. high reac- 
5 tivity effect is here considerably reduced. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a control 
10 rod blade, which has a construction such that a high reac- 
tivity effect during operation is achieved at the same time 
as a sealing of the control rod blade is allowed without the 
risk that the absorber material is whirled up and mixed into 
the weld joint. 

15 

The above-mentioned objects are achieved with the control 
rod blade of the initially mentioned kind, which is charac- 
terized in that the control rod blade comprises a profile 
element, which, before said welding operation of the cover 

20 element is performed, is arranged to be applied against a 
bottom surface in the recess in a position such that the 
profile element covers the outlets of the channels. Since 
the profile element is applied such that it seals the out- 
lets of the channels, the absorber material is prevented 

25 from whirling up and mixed into the weld joint during the 
welding operation. Thereby, the risk is eliminated that the 
cover element is attached in the recess with deficient weld 
joints, which comprise whirled-up absorber material. 

30 According to a preferred embodiment of the present inven- 
tion, the profile element has a width, which substantially 
corresponds to the width of the bottom surface. A profile 
element with such a width is simply applied by means of its 
form fit in a correct position between the side walls of 

35 bottom surface. The profile element will thereby be guaran- 
teed to cover all outlets of the channels. Preferably the 
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profile element comprises a substantially plane surface 
which is arranged to be applied against a corresponding sub- 
stantially plane bottom surface. Both the profile element 
and the recess may thereby be given a relatively uncompli- 
5 cated shape. The profile element may comprise at least one 
curved side portion which has an extension upwards from the 
substantially plane surface. Hereby, the profile element ob- 
taines a form fit such that the application of the profile 
element in a correct position is further simplified. The 
10 risk that the absorber material passes the profile element 
during the welding operation is thereby further reduced. 

According to another preferred embodiment of the present in- 
vention, the profile element has a thickness of 0.2-0.5 mm. 

15 Consequently, the main object of the profile element is to 
retain the absorber material in the channels during the 
welding operation such that it does not whirl up and is 
mixed into the weld joint. With a suitable choice of mate- 
rial, a relatively thin profile element may perform this 

20 task. A thin profile element does also not substantially en- 
croach on the space of the absorber material and thereby it 
does not substantially reduce the possibility to apply the 
absorber material near the free end surface of the control 
rod blade. However, the profile element must have a thick- 

25 ness such that it is possible to handle it during the appli- 
cation process without the risk that it is folded or de- 
formed in any way. Advantageously, the profile element has a 
continuous extension along the whole length of the recess. A 
profile element without joints minimizes the risk for local 

30 weakenings where the absorber material can whirl up and be 
mixed into the weld joint. Consequently*, one single such 
elongated profile element is applied in the recess after 
that the channels have been filled with absorber material 
and before the cover element is attached by welding in the 

35 recess. Preferably, the profile element is manufactured of a 
metal material. Preferably, the metal material is a stain- 
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less steel. A plurality of types of stainless steels have 
properties, which make them suitable to use in this context. 

According to another preferred embodiment of the present in- 
5 vent ion, the cover element comprises a surface, which is ar- 
ranged to get into abutment with a surface of the profile 
element when the cover element is applied in the recess. 
Such a contact between the cover element and the profile 
element guarantees that the profile element is retained in 
10 the intended position. Thereby, the cover element also 
achieves a correct position for the following welding opera- 
tion. Said contact surfaces of the cover element and the 
profile element are preferably substantially plane. 

15 According to another preferred embodiment of the present in- 
vention, the cover element comprises a cover portion, which 
is arranged to seal the opening of the recess, and a support 
portion, which has a width, which is less than the width of 
the recess. Such a cover element, which may have a substan- 

20 tially T-shaped cross sectional profile, is simple and rela- 
tively inexpensive to manufacture. Consequently, the cover 
portion covers the opening of the recess when it is applied 
in the recess. However, narrow gaps are inevitably formed 
between the edges of the cover element and the legs of the 

25 recess. These gaps allow a distribution of a protective gas 
to the elongated passages, which are formed on both sides of 
the support portion. Such a supply of a protective gas fa- 
cilitates the welding together of the edges of the cover 
element with the inner surfaces of the legs and the forma- 

30 tion of weld joints with a high quality. The weld joints may 
be accomplished with a TIG-burner. 

According to another preferred embodiment of the present in- 
vention, the recess comprises a groove, which, after that 
35. the profile element is applied in the recess, is arranged to 
form a passage between at least two adjacent channels under 
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the profile element. The profile element thereby forms a 
wall, which divides this passage from the passages, which 
are located externally of the profile element on both sides 
of the' support portion of the cover element. This passage, 
5 which is arranged internally of the profile element, has the 
purpose of connecting the channels to each other. With such 
a passage, which connects all channels to each other, the 
pressure testing of the channels, after that the cover ele- 
ment has been attached by welding, is facilitated. The pas- 
10 sage also has the purpose of providing a distribution of the 
fission gases which are created during operation such that a 
substantially equal pressure is achieved in the channels. 

According to another preferred embodiment of the present in- 
vention, said absorber material is powdered. The problem 
with whirling-up absorber material is present substantially 
only when powdered absorber material is* used. Consequently, 
the present control rod blade is therefore very suitable to 
use with a powdered absorber material. Advantageously, the 
absorber material comprises powdered boron carbide. Boron 
carbide is the most commonly used absorber material. The 
channels of the control rod blades may also be filled with a 
combination of a powdered absorber material and a solid ab- 
sorber material. The solid absorber material may here be hot 
isostatic pressed or sintered boron carbide pins or hafnium 
pins. The channels may also be filled with encased boron 
carbide powder. Consequently, the control rod blade has a 
construction, which makes it especially suited to receive a 
powdered absorber material. However, this does not in any 
way prevent that it is filled only with a solid absorber ma- 
terial or an encased powdered absorber material. 

The invention also relates to a control rod for a boiling 
water reactor. Such .a control rod comprises usually four 
35 control rod blades directed at a right angle in relation to 
the adjacent control rod blades. A control rod with control 
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rod blades according to the above provides a high reactivity 
effect during operation at the same time as the end surfaces 
of the control rod blades are sealed with weld joints of a 
guaranteed high quality. 

5 

SHORT DESCRIPTION OF THE DRAWINGS 

In the following , as an example, a preferred embodiment of 
the invention is described with reference to the attached 
10 drawings, in which: 

Fig. 1 shows a perspective view of a control rod for a 
boiling water reactor with four control rod 
blades, 

15 Fig. 2 shows a free edge portion of a control rod blade, 
a profile element and a cover element according to 
the present invention, 
Fig. 3 shows a sectional view along the line A-A in Fig. 
2 and 

20 Fig. 4 shows a sectional view of a free edge portion of a 
control rod blade having a mounted profile element 
and cover element. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE 
25 INVENTION 



Fig. 1 shows a control rod 1 for controlling the neutron 
flux in a boiling water reactor (BWR) . The control rod 1 
comprises four control rod blades 2, which are directed at a 

30 right angle in relation to the adjacent control rod blades 
2. The control rod blades 2 comprise a plurality of above 
each other, in rows, drilled channels 3, which extend be- 
tween a free edge portion of the control rod blades 2 and a 
centre, where the control rod blades 2 meet. The control rod 

35 blades 2 are manufactured of a sheet material, which pref- 
erably is of metal, for example steel, and have a thickness 
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of 7-8 mm. The channels 3, which are drilled in the control 
rod blades 2, may here have a diameter of about 5-6 mm. 

Fig. 2 shows an edge portion of a control rod blade 2 and a 
5 profile element 4 and a cover element 5, which allows a 
sealing of the edge portion. Consequently, the control rod 
blade 2 comprises a sheet material the free end surface of 
which is provided with a first substantially U-shaped track 
6 by means of a milling operation. The first track 6 has an 

10 extension along a substantial part of the f ree . end surface 
of the sheet material. Thereafter, a second narrower trian- 
gular shaped track 7 has been milled centrally in the first 
U-shaped track 6. The first track 6 and the second track 7 
form together a recess 8 in the free edge portion of the 

15 control rod blade 2. The recess 8 is restricted laterally by 
upright legs 9. After or before the milling of the first 
track 6 and the second track 7, a large number of straight 
channels 3 with a circular cross section have been drilled 
in the control rod blade 2. Consequently, the channels 3 ex- 

20 tend between the free edge portion of the control rod blade 
2 and a centre, where the control rod blades 2 meet. The 
channels 3 have a diameter, which is less than the width of 
the first track 6 but which exceeds the width of the second 
track 7. The centrally arranged second track 7 thus achieves 

25 an extension only in the areas between the outlets of the 
channels 3 in the recess 8. In the Fig. 2, the outlets of 
six channels 3 are shown. The channels 3 are here filled 
with a powdered absorber material 10. Preferably, the pow- 
dered absorber material 10 is boron carbide. However, the 

30 channels 3 of the control rod blade are not restricted to be 
filled only with a powdered absorber material 10 but it may 
be filled with a combination of a powdered absorber material 
and a solid absorber material. The solid absorber material 
may here be hot ispstatic pressed or sintered boron carbide 

35 pins or hafnium pins. The channels 3 of the control rod 
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blade may also be filled only with a solid absorber material 
or an encased powdered absorber material. 

Fig- 2 also shows an elongated substantially plate-shaped 
5 profile element 4, which is arranged to be- applied in the 
recess 8 in a position such that the profile element 4 cov- 
ers the outlets of said channels 3. Advantageously, the pro- 
file element 4 is manufactured of a metal , for example 
stainless steel. It has a thickness of about 0.1-0.5 mm. 

10 Preferably, the profile element 4 has a length and a width 
which substantially correspond to the length and the width 
of the recess 8. Finally, Fig. 2 shows a cover element- 5, 
which is arranged to seal the opening of the recess 8 in a 
mounted state. The cover element 5 has a length, which cor- 

15 responds to the length of the recess 8. The cover element 5 
has a cover portion 12, which has a width, which substan- 
tially corresponds to the width of the recess 8. The upper 
surface of the cover portion 12 is arranged to substantially 
form the end surface of the control rod blade in a mounted 

20 state. In Fig. 2, a support portion 13 of the cover element 
5 is marked with broken lines. The support portion 13 has a 
continuous extension along the whole length of the cover 
element 5. The support portion 13 has a width, which is less 
than the width of the. recess 8 . 

25 

Fig. 3 shows a sectional view along the line A-A in Fig. 2. 
Here, the design and the depth of the first U-shaped track 6 
and the second triangular shaped track 7 are more clearly 
represented than in Fig. 2. The profile element 4 has a first 

30 surface 4a, which here is directed downwards. The first sur- 
face -4a has a shape, which substantially corresponds to the 
shape of the bottom surface 6a of the first track 6. The 
first surface 4a is substantially plane. However, the pro- 
file element 4 has at both its side edges curved portions 4c 

35 which have an extension upwards from the first surface 4a. 
The curved portions 4c are arranged to follow the U-shaped 
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first track 6 a small distance upwards from the substan- 
tially plane bottom surface 6a- The profile element 4 
thereby obtaines a form fit such that it is very simple to 
apply the profile element 4 in a desired position in the re- 
5 cess 8. The profile element 4 covers the outlets of the 
channels 3 in said position with a good margin. The cover 
element 5 has a substantially T-shaped cross sectional pro- 
file. Thereby , the cover portion 12 comprises a substan- 
tially upper rectangular cross section surface with a wall 

10 thickness dimensioned for enclosing fission gases with a 
specific pressure. The support, portion 13 of the cover ele- 
ment 5 comprises a lower substantially rectangular cross 
section surface, which has a width, which exceeds the width 
of the second triangular-shaped track 7. The support portion 

15 13 has a height such that a plane lower contact surface 13a 
gets into abutment with a corresponding plane second upper 
contact surface 4b of the profile element 4 when the upper 
surface of the cover portion 12 is located in level with the 
end surface of the legs 9. The channels 3 are thus filled 

20 with a powdered absorber material 10. 

Fig. 4 shows a sectional view of an edge portion of a con- 
trol rod blade 2 . with a mounted profile element 4 and cover 
element 5. The mounting process . comprises that the profile 

25 element 4 is applied in the recess 8 in the control rod 
blade 2. Consequently, the first surface 4a of the profile 
element has a shape, which substantially corresponds to the 
shape of the bottom surface 6a of the first U-shaped track 
6. Thereby, it is simple to apply the profile element 4 in a 

30 correct position in the recess 8 such that it covers the 
outlets of all the channels 3. The profile element 4 covers 
in this position also the triangular shaped second track 7. 
Thereby, a first passage 15 is provided under the profile 
element 4, which connects the channels 3 to each other in 

35 connection with the outlets of the channels 3. Thereafter, 
the cover element 5 is applied in the recess 8. Since the 
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support portion 13 has a smaller width than the width of the 
recess 8, second elongated passages 16a, b are provided on 
both sides of the support portion 13. Since the profile ele- 
ment 4 .is located over the second triangular shaped recess 
5 7, the second passages 16a, b are separated from the first 
passage 15. When the cover element 5 is applied in the re- 
cess 8, a lower plane surface 13a of the support portion 
abuts a second plane upper surface 4b of the profile ele- 
ment. The contact surface 13a of the support element has a 
10 width, which exceeds the width of the triangular shaped 
track 7. The contact of the cover element 5 with the profile 
element 4 also results in that the profile element 4 is re- 
tained in a desired position in the recess 8. 

15 The opening of the first U-shaped track 6 has a width, which 
substantially corresponds to the width of the cover portion 
12. After that the cover element 5 has been applied in the 
recess 8, narrow substantially uniform gaps are however 
formed on both sides of the edges of the cover portion 13 

20 and the legs 9 of the recess 8. By means of these gaps, a 
protective gas can be distributed to the elongated passages 
16a, b. Thereafter, the edges of the cover portions 12 are 
welded together with the internal surfaces of the legs 9 by 
means of, for example, a TIG-burner such that two elongated 

25 weld joints 17 are formed. Consequently, the passages 16a, b 
allow a distribution of an inert gas to the root side of the 
weld joints 17 during the welding operation. Hereby, it is 
guaranteed that weld joints 17 with a high quality are ob- 
tained. Since the profile element 4 covers the outlets of 

30 the channels 3 in the recess 8 during the welding operation, 
it is aiso ensured that the powdered absorber material 10 in 
the channels can not whirl up and reach the weld joints 17. 
Thereby, the powdered absorber material 10 does not risk to 
be mixed into the weld joints 17, which in such a. case may 

35 deteriorate the quality .of the weld joints essentially. Con- 
sequently, by the use of said profile element 4, it is guar- 
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anteed that weld joints 17 with a high quality are formed 
even when a powdered absorber material 10 is used. 

After the welding operation, a sealing test of the control 
5 rod blade is performed. A vacuum pump is thereby connected, 
via a not shown leakage finding channel, which opens out in 
one of said channels 3. Since all channels 3 are connected 
to each other, via the first passage 15, an effective vacuum 
pumping of all channels 3 is achieved. The first passage 15 
10 also has the task, during operation, to allow a flow of fis- 
sion gases between the channels 3. The overpressure, which 
is created by the fission gases formed during operation can 
thereby be distributed substantially uniformly between all 
channels 3 of the control rod blade 2. 

15 

The present invention is not in any way restricted to the 
embodiment shown in the drawings but may be freely modified 
within the scope of the claims. The recess does not neces- 
sarily have to consist of a first U-shaped track 6 and a 
20 second triangular shaped track 7 but it may have a substan- 
tially arbitrary but functional shape. 



